Effects of Antenatal Melatonin Treatment on the Cerebral Vasculature in an Ovine Model of Fetal Growth Restriction.
Chronic moderate hypoxia, such as occurs in fetal growth restriction (FGR) during gestation, compromises the blood-brain barrier (BBB) and results in structural abnormalities of the cerebral vasculature. We have previously determined the neuroprotective and antioxidant effects of maternal administration of melatonin (MLT) on growth-restricted newborn lambs. The potential of maternal MLT therapy for the treatment of cerebrovascular dysfunction-associated developmental hypoxia has also been demonstrated in newborn lambs. We assessed whether MLT had an effect on the previously reported structural and cerebral vascular abnormalities in chronically hypoxic FGR lambs. Single umbilical-artery ligation surgery was performed in fetuses at approximately 105 days of gestation (term: 147 days) to induce placental insufficiency and FGR, and treatment with either saline or an MLT infusion (0.1 mg/kg) was started 4 h after surgery. Ewes delivered naturally at term and lambs were euthanased 24 h later. We found a significant reduction in the number of laminin-positive blood vessels within the subcortical and periventricular white matter (SCWM and PVWM) and the subventricular zone (SVZ) in FGR (p < 0.0005) and FGR + MLT brains (p < 0.0005 vs. controls), with no difference found between FGR and FGR + MLT animals. This was associated with a significant decrease in VEGF immunoreactivity in FGR and FGR + MLT brains versus controls (p < 0.0005; SCWM and PVWM) and in the SVZ in FGR brains versus controls (p < 0.005) and also with significantly lower levels of proliferating blood vessels versus controls (p < 0.0005). Glucose transporter-1 immunoreactivity (vascular endothelium) was decreased in FGR versus control lambs (p < 0.0005) in SCWM, PVWM, and the SVZ; it was significantly increased in FGR + MLT lambs compared with FGR lambs in SCWM and PVWM (p < 0.005) and even more markedly in the SVZ (p < 0.0005). FGR brains showed a 72% reduction in pericyte coverage versus control lambs and 68% versus FGR + MLT in PVWM. In SCWM, we found a 77 and 73% reduction compared with control and FGR + MLT lambs, respectively, while in the SVZ, we observed a 68% reduction versus controls and a 70% reduction in FGR versus FGR + MLT lambs. Astrocyte end-feet coverage in the SCWM showed a significant 24% reduction in FGR versus control levels, a 42% decrease within the PVWM, and a 35% decrease within the SVZ versus controls. MLT normalized astrocyte attachment to blood vessels, with no difference seen between controls and FGR + MLT animals in any of the brain regions examined. We also observed a decrease in albumin extravasation and microhemorrhage in controls and FGR + MLT brains versus FGR lambs. Our results demonstrate that umbilicoplacental insufficiency is associated with FGR-produced vascular changes in the white matter and SVZ of FGR newborn brains and that maternal MLT prevented disruption of the BBB by protecting perivascular cells essential for the maintenance of vascular homeostasis and stability.